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Description 

The invention relates to a magnetic resonance im- 
aging method for following a dynamic process in a body, 
in which method a local modification of magnetic reso- 
nance properties is induced in the body a selective var- 
iation of magnetic resonance signals to be generated in 
the body, magnetic resonance signals being acquired 
during, or during and after the realisation of the modifi- 
cation by way of a first signal acquisition method in order 
to form a series of magnetic resonance images of the 
body enabling the dynamic process to be followed. 

A magnetic resonance imaging method of this kind 
is known from the article "First-Pass Cardiac Perfusion: 
Evaluation with Ultrafast MR Imaging", D.J. Atkinson et 
al., Radiology, March 1990, pp. 757-762. The cited arti- 
cle describes cardiac perfusion where, in orderto modify 
the magnetic resonance properties, the contrast agent 
Gd-DTPA (Gadolinium diethylenetriaminepentaacetic 
acid) is injected into a body via veins in conjunction with 
an MR imaging method whereby strongly T-| -weighted 
NMR images are obtained. The NMR signals are en- 
hanced by the Gd-DTPA. The imaging method consists 
of a 180° inversion pulse, followed by a gradient-echo 
signal acquisition method with very short repetition time 
(< 4 ms). Suitable contrast is achieved by choosing the 
inversion time, i.e. the period of time elapsing between 
the inversion pulse and the gradient echo signal acqui- 
sition methods, so that the NMR signal is zero for non- 
enhanced myocardium and non-zero for enhanced my- 
ocardium in the case of cardiac perfusion. A high tem- 
poral resolution is necessary for the following of such a 
fast process, or another fast process such as perfusion 
in the brain, _Le. the signal acquisition method should be 
very fast. A high temporal resolution is usually achieved 
at the expense of spatial resolution. In the case of car- 
diac perfusion reasonably high spatial resolution re- 
quirements can still be satisfied, be it that gated imaging 
over a plurality of hart beats is then required. However, 
for example in the brain where a temporal resolution in 
the order of one second is required, during the following 
of such processes it is difficult to achieve suitable spatial 
resolution when practically feasible signal acquisition 
methods are used. When use is made of a fast Fourier 
imaging method, acquisition of only 40 profiles in the 
phase encoding direction will be possible, giving rise to 
undiagnostic NMR images, even after interpolation to a 
larger data matrix. 

It is the object of the invention to provide a magnetic 
resonance imaging method of the kind set forth which 
produces suitable diagnostic NMR images. 

To achieve this, a magnetic resonance imaging 
method in accordance with the invention is character- 
ized in that the first signal acquisition method is a low- 
resolution method, and in that at an appropriate instant, 
using a second, high-resolution signal acquisition meth- 
od magnetic resonance signals are acquired from the 
body in order to form at least one reference image of the 



body, signal samples of the magnetic resonance signals 
acquired by means of the low-resolution method being 
supplemented, prior to the formation of the series of 
magnetic resonance images, by signal samples of the 

5 magnetic resonance signals acquired by means of the 
high-resolution method. Thus, high-resolution NMR im- 
ages are obtained in which the variations in image in- 
tensities due to local modifications of the magnetic res- 
onance properties measured are reproduced in the 

10 high-resolution images. 

The formation of NMR images suitable for diagnos- 
tic purposes, in this manner is based on the understand- 
ing that for the spatial localisation of the modified mag- 
netic resonance properties it often suffices to measure 

15 only the image intensity variations. 

It is to be noted that US-A 5,003,264 describes the 
combination of low-resolution images with high-resolu- 
tion images, but according to the cited patent specifica- 
tion a high-resolution image is inserted into a low-reso- 

20 lution image instead of vice versa. The cited United 
States Patent describes a method which serves a com- 
pletely different purpose, _Le. the imaging of a moving 
part of a body instead of a variation of contrast. 

EP-A-0 51 5 1 97 (prior art acc. to Art. 54(3)EPC) dis- 

25 closes an NMR imaging system which acquires a series 
of images having different T 2 -weighted contrast. Only 
low-order phase encoding data is acquired separately 
for each image and the scan time is reduced substan- 
tially by using common high-order phase encoding data 

30 for all the images. 

A first version of the magnetic resonance imaging 
method in accordance with the invention is character- 
ized in that an enhancement agent is administered in 
order to realise the local modification of the magnetic 

35 resonance properties. Such an agent is, for example, a 
contrast agent such as Gd-DTPA; in tissue containing 
this agent, the longitudinal relaxation time constant T-, 
is increased. Enhancement agents which modify other 
magnetic resonance properties can also be used in ac- 

40 cordance with the invention. 

A second version of the method in accordance with 
the invention is characterized in that a physical stimulus 
is applied in order to realise the local modification of the 
magnetic resonance properties. Such a stimulus may 

45 be, for example, a local electrical stimulus which is 
transferred to the brain via fascicles so as to induce a 
modification which varies in time, for example a local 
increase/decrease of T-,/T 2 which can be detected by 
way of magnetic resonance. The stimulus may also be 

50 an optical stimulus of the eye. 

The second, high-resolution, method can be exe- 
cuted during a period of time during which it is not nec- 
essary to follow time-critical processes so that a suffi- 
cient amount of time is available for these comparatively 

55 long measurements, for example, prior to the adminis- 
tration of the enhancement agent. However, a preferred 
version of the magnetic resonance imaging method in 
accordance with the invention is characterized in that 
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the magnetic resonance signals are acquired by means 
of the second, high-resolution signal acquisition method 
after acquisition of the magnetic resonance signals by 
means of the first signal acquisition method. As a result, 
the high-resolution NMR images are recorded with a 
possibly enhanced contrast due to the presence of the 
enhancement agent in the body after termination of the 
relevant part of the dynamic process to be followed. 

Aversion of a magnetic resonance imaging method 
in accordance with the invention is characterized in that 
the reference images are images of slices of a volume 
portion of the body in which the dynamic process takes 
place, the series of magnetic resonance images com- 
prising a number of images of the slices. The dynamic 
process in a volume portion of the body can thus be fol- 
lowed by forming a plurality of images of the slices in 
rapid succession, the magnetic resonance signals being 
acquired by, for example, a multiple-slice signal acqui- 
sition method or a 3D signal acquisition method, without 
giving rise to undiagnostic images due to loss of focus 
in the images as would be the case, for example, when 
use is made of interpolation methods. 

In further versions of the method in accordance with 
the invention substitution of data in matrices of refer- 
ence data may be performed in a symmetrical or asym- 
metrical manner in, for example, a phase-encoding di- 
rection of matrices of signal samples, asymmetrical ver- 
sions offering the advantage that an high as possible 
resolution is achieved also when a comparatively small 
number of profiles is measured in the phase-encoding 
direction. Moreover, a gain in time can be traded off 
against improved contrast. In order to avoid image ar- 
tefacts, during an asymmetrical measurement it is de- 
sirable to fill out the asymmetry by combining amplitude 
data of the dynamic images with phase data of the ref- 
erence measurements. 

Another version of a magnetic resonance imaging 
method in accordance with the invention which offers a 
better image contrast is characterized in that per refer- 
ence image the high-resolution method comprises a 
number of gradient-echo sequences preceded by inver- 
sion pulses, signal samples thereof filling data matrices 
in a mosaic-like manner, the low-resolution method 
comprising similar sequences whose signal samples 
partly substitute high-resolution data in the data matri- 
ces. 

The invention will be described in detail hereinafter 
with reference to a drawing, therein: 

Figure 1 shows diagrammatically a magnetic reso- 
nance imaging device in accordance with the inven- 
tion, 

Figure 2 illustrates a signal acquisition method for 
use in a magnetic resonance imaging method in ac- 
cordance with the invention, 
Figures 3A and 3B show, diagrammatically in the k- 
space, the method in accordance with the invention, 
and 



Figure 4 shows another magnetic resonance imag- 
ing method in accordance with the invention. 

Figure 1 shows diagrammatically a magnetic reso- 

s nance imaging device 1 in accordance with the inven- 
tion, comprising transmitter means 2 and receiver 
means 3 for transmitting high-frequency electromagnet- 
ic pulses, via a transmitter/receiver coil 4, to an object 
5 and for receiving magnetic resonance signals which 

10 are generated by the high-frequency electromagnetic 
pulses in the object 5 which is situated in a steady, uni- 
form magnetic field. The transmitter/receiver coil 4 may 
be a single coil, but may alternatively be formed by a 
separate transmitter coil and a separate receiver coil. 

15 The device 1 comprises means 6 for generating the 
steady field. The means 6 comprise magnet coils 7 and, 
in the case of resistive magnets or superconducting 
magnets, a power supply 8. The power supply 8 is ab- 
sent in the case of a permanent magnet. During opera- 
te tion of the device 1 with the object 5 arranged within the 
magnet coils 7, a slight excess of nuclear spins (of nuclei 
having a magnetic moment) will be oriented in the same 
direction as the steady field in a state of equilibrium. 
From a macroscopic point of view, this is to be consid- 

25 ered a magnetization M Q , being an equilibrium magnet- 
ization. The device 1 furthermore comprises processing 
means 9 which are coupled to the transmitter means 2 
and the receiver means 3, a process computer 1 0 which 
is coupled to the processing means 9 and the transmitter 

30 means, and display means 11 for displaying a nuclear 
magnetization distribution which is determined, by way 
of programmed means 12 from resonance signals re- 
ceived and demodulated by the receiver means 3, after 
signal sampling thereof (detection of resonance sig- 

55 nals). More specifically, the transmitter means 2 com- 
prise a high-frequency oscillator 1 3 for generating a car- 
rier signal, a modulator 14 for amplitude and/or phase 
and frequency modulation of the carrier signal, a power 
amplifier 15, and a directional coupler 16 which is cou- 

40 pied to the transmitter/receiver coil 4. The high-frequen- 
cy oscillator 13 is coupled to the processing means 9 
and the modulator 14 is coupled to the process compu- 
ter 1 0. When excitation pulses are applied to the object 
5 via the transmitter means 2 and under the control of 

45 the control means 12, said excitation pulses having a 
frequency contents around the so-called Larmor fre- 
quency of, for example, protons in the applied magnetic 
field, magnetic resonance signals will be produced 
wherefrom a proton nuclear spin distribution or a mag- 

50 netic resonance image can be determined by the pro- 
grammed means 12, using for example Fourier trans- 
formation. The receiver means 3 for receiving the reso- 
nance signals comprise the directional coupler 16 and 
a receiver and demodulation unit 17. The unit 17 may 

55 be a double phase-sensitive detector whose output sig- 
nals are sampled by means of a first and a second an- 
alog-to-digital converter 18, 19. The A/D converters 18 
and 19 are coupled to the processing means 9. The 
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transmitter and receiver means 2 and 3 may alternative- 
ly be formed by a so-called phase-coherent digital trans- 
mitter/receiver. The device 1 furthermore comprises 
means 20 for generating magnetic field gradients super- 
posed on the steady, uniform field. The means 20 com- 
prise gradient magnet coils 21 , 22 and 23 for generating 
magnetic field gradients G x> G y and G z and a power sup- 
ply which can be controlled by the process computer 1 0 
and which comprises gradient amplifiers 24 for power- 
ing the gradient magnet coils 21, 22 and 23 which are 
individually activatable. The process computer 10 com- 
prises digital-to-analog converters 25, 26 and 27 for 
supplying the gradient power supply 24 with analog gra- 
dient waveforms, while supplying digital codes and un- 
der the control of the process computer 10, the respec- 
tive gradients G x , G y and G z thus being generated. For 
example, in the case of two-dimensional Fourier trans- 
formation (2D-FT) G x is a measuring gradient, G y is a 
phase-encoding gradient, and G z is a selection gradient. 
In the case of three-dimensional Fourier transformation 
(3D-FT) G z may be a further phase-encoding gradient. 
In the embodiment shown, the arrangement in space of 
the gradient magnet coils is such that the direction of 
the magnetic field of the gradient fields coincides with 
the direction of the steady, uniform magnetic field, the 
gradient directions extending perpendicularly to one an- 
other as denoted by three mutually perpendicular axes 
x, y and z in Figure 1 . The magnetic resonance signals 
wherefrom a nuclear spin distribution can be recon- 
structed by way of Fourier transformation are acquired 
by means of so-called measuring sequences. 

Figure 2 shows a signal acquisition method for use 
in a magnetic resonance imaging method in accordance 
with the invention. It concerns a Fourier method where 
high-frequency electromagnetic pulses RF are applied 
to the body 5 as a function of time t by the transmitter 
means 2 in order to excite nuclear spins in the body 5. 
The nuclear spins are excited in a slice-selective man- 
ner by applying, using the gradient magnet coils 23, a 
selection gradient G z to the body 5 simultaneously with 
the pulses RF. A given slice of the body can be selected 
by variation of the frequency of the oscillator 1 3. Thus, 
a plurality of slices can be selected in a volume by 
means of a so-called multiple-slice signal acquisition 
method. The Fourier method furthermore comprises a 
phase-encoding gradient G y , to be applied by means of 
the gradient magnet coils 22, and a measuring gradient 
G x to be applied by the gradient magnet coils 21. By 
variation of the amplitude of the phase-encoding gradi- 
ent G y and by sampling of the magnetic resonance sig- 
nals ec, per slice there are obtained data matrices 
wherefrom magnetic resonance images are derived by 
Fourier transformation. The signal acquisition process 
for a slice can be represented in the so-called k-space 
in order to describe signal sampling and processing. For 
a more detailed description, reference is made to the 
article "The k-trajectory formulation of the NMR imaging 
process with applications in analysis and synthesis of 



imaging methods", Med. Phys., Vol. 10, 1983, pp. 
610-621. In the k-space description the distance from 
the origin, and hence the spatial frequency information 
derived from signal samples of the magnetic resonance 

5 signal ec, depends exclusively on the variation of the 
phase-encoding gradients G x and G y as a function of 
time t. Therein, the vertical axis of the k-space usually 
describes the phase and the horizontal axis describes 
the frequency of the magnetic resonance signal. In the 

10 case of a 3D signal acquisition method where the high- 
frequency electromagnetic pulses are non-selective 
and another phase-encoding gradient is also applied, a 
third axis also exists. Signals corresponding to low spa- 
tial frequencies, determining mainly the image intensi- 
fy ties, are concentrated around the origin of the k-space. 
Information of high spatial frequencies (for example, 
sharp transitions of the structures imaged) are situated 
further from the origin: the encoding of details of the 
body 5 is thus improved by prolonging the duration of 

20 application of the gradients or by increasing their ampli- 
tude. Each location in the k-space corresponds to a 
combination of integrals over the applied gradients. Be- 
cause these integrated gradients develop in time, the 
location of the magnetic resonance signal describes a 

25 trajectory in the k-space. Data is obtained at selected 
points within the k-space by measurement of the NMR 
signals at difference instants and for different integrated 
gradients. The NMR signal is usually highest when the 
integral over the gradients is zero (i.e. when the mag- 

30 netic resonance signal is not disturbed by gradients). A 
magnetic resonance image is obtained by a Fourier 
transformation of a data matrix over the k-space. When 
only low k-profiles are measured, a low-resolution NMR 
image is obtained; when high k-profiles are also meas- 

55 ured, a high-resolution NMR image is obtained. In ac- 
cordance with the invention, during a period during 
which no time-critical processes are followed in the body 
5, for example prior to application of an enhancement 
agent to the body 5, magnetic resonance signals are 

40 generated in the body 5 by means of a magnetic reso- 
nance imaging method wich may be a multiple-slice 
method, said resonance signals being used to deter- 
mine high-resolution reference data matrices for a 
number of slices in a volume of the body. In the case of 

45 a multiple-slice method, the sequence shown in Figure 
2 is repeated a number of times while varying the fre- 
quency of the oscillator 13 in order to excite different 
slices in the volume and also while varying the phase- 
encoding gradient G y for phase-encoding of the nuclear 

50 spins. Data matrices of signal samples are thus mapped 
on the k-space. For example, 5 slices are mapped 
through which the dynamic process to be followed oc- 
curs, the resolution in the k-space being 256 signal sam- 
ples in the frequency direction of the k-space and 256 

55 phase-encoding steps in the phase direction of the k- 
space. The sequence repetition time T R may be, for ex- 
ample 1 0 ms so that an overall measuring time of more 
than 10 seconds is required so as to obtain five 256 x 
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256 high-resolution reference images. The reference 
images are derived from the data matrices by Fourier 
transformation. After local modification of the magnetic 
resonance properties in the body, for example by a 
physical stimulus or by administration of a contrast 
agent, images of the slices will be formed in rapid suc- 
cession in order to enable the dynamic process in the 
volume to be followed. For example, in order to enable 
the following of perfusion of a contrast agent in the brain, 
it is necessary to form a magnetic resonance image of 
the five slices every second and to repeat this a number 
of times, for example fifteen times. Thus, per image 200 
ms is available. For a sequence repetition time amount- 
ing to 5-10 ms, 20-40 phase-encoding profiles can thus 
be measured per image. In accordance with the inven- 
tion, use is made of a low-resolution method with 20-40 
profiles in the present example, for example utilizing se- 
quences as described with reference to Figure 2, to en- 
able following of the dynamic process for five slices in 
the volume in the present example. Prior to or after a 
first Fourier transformation over the profiles obtained by 
the low-resolution method for the respective slices, the 
Fourier transformed data is substituted in the corre- 
sponding high-resolution matrices at the position of the 
central profiles, i.e. for k-values around zero in the k- 
space. After a further Fourier transformation over the 
modified high-resolution data matrices, NMR images 
are obtained which have a high spatial resolution and in 
which the variations of image intensities due to the con- 
trast agent have been measured and reproduced with a 
high temporal resolution. NMR images suitable for diag- 
nostic purposes are thus obtained. Not only perfusion 
in the brain, but other fast processes can also be fol- 
lowed, for example Gd-DTPA inflow in the kidneys, the 
taking up of Gd-DTPA in mammary tumors, and the ef- 
fects of cardiac infarction. It is to be noted that a contrast 
agent such as Gd-DTPA can be administered only once 
per in vivo examination of a body because of the long 
period of time required by the Gd-DTPA to leave the 
body. It is to be noted, however, that contrast agents oth- 
er than Gd-DTPA can also be used. 

The high-resolution signals can be acquired not on- 
ly prior to, but also subsequent to the measurements on 
the inflowing enhancement agent. In the latter case the 
increase of contrast occurring due to the substantially 
steady presence of the enhancement agent in the body 
is used in the high-resolution reference image. If possi- 
ble, the high-resolution signals can also be acquired 
during a period after the administration of the enhance- 
ment agent to the body, with no dynamic processes to 
be followed occurring during such a period, for example 
because the enhancement agent has not yet reached 
the part of the body to be examined. It is not necessary 
to acquire the high-resolution signals directly before or 
directly subsequent to the acquisition of the low-resolu- 
tion signals. When a sufficiently accurate position deter- 
mination can be achieved, the high-resolution signals 
can be acquired a prolonged period of time before or 



after the low-resolution signals are acquired. 

Figures 3A and 3B show the method in accordance 
with the invention in the k-space. Figure 3A illustrates 
the symmetrical filling of the k-space with low-resolution 

5 data after administration of the contrast agent around 
k=0, represented by a band of k-values k n to -k n , where 
n=10to20, i.e. 20to40 k-profiles. k max and -k max denote 
the extreme k-values of the high resolution matrices. 
Figure 3B shows asymmetrical filling of the k-space with 

10 the low-resolution data with a band from k=k' to k=2k n , 
i.e. the same number of profiles as in Figure 3A. Therein, 
k' may have one of the values k'=0, -1, -2,... Conse- 
quently, using a still limited number of profiles a resolu- 
tion can be achieved for the dynamic process which is 

15 better than that achieved by means of the filling of the 
high-resolution data matrix as shown in Figure 3A. It is 
to be noted, however, that for the filling of the high-res- 
olution data matrix as shown in Figure 3B an estimate 
must be made for the profiles from k=-2k n to k=-k'-1 so 

20 as to avoid disturbing image artefacts. As an estimate 
for the latter profiles use can be made of amplitudes of 
data for k=k' to k=2k n , supplemented by phase informa- 
tion from the high-resolution measurement or phase in- 
formation from corresponding positive profiles. When 

25 the number of low-resolution profiles measured is too 
small, too little difference in contrast will occur in suc- 
cessive images of a slice, which also indicates that it is 
advantageous to utilize a partial matrix process in the 
phase direction of the k-space. Furthermore, partial ma- 

30 trix processes can also be used in the frequency direc- 
tion of the k-space, even though corrections will then be 
required so as to obtain artefact-free images. 

Figure 4 shows another magnetic resonance imag- 
ing method in accordance with the invention, only se- 

55 quences of high-frequency electromagnetic pulses be- 
ing shown as a function of timet. The pulses P n , P jn 
and P jm therein are inversion pulses which invert the 
magnetization of nuclear spins, the pulses P-|, ...P n be- 
ing an abbreviated notation for a number of sequences 

40 as shown in Figure 2, and the pulses P. k , P 0 , P k .-| , 
being an abbreviated notation for a single sequence as 
shown in Figure 2, a symmetrical filling with low-resolu- 
tion profiles of the high-resolution matrix is indicated, for 
example for k=1 9, i.e. in that case there are 40 low-res- 

45 olution profiles. Thus, using an abbreviated notation, the 
upper line of Figure 4 represents a multiple-slice Fourier 
method in which, after each inversion pulse P n to P in , a 
number of k-profiles is measured or shifted around k=0, 
k=1 , k=-1 , etc. This sequence is repeated for each slice. 

50 The bottom line shows the sequence for data acquisition 
after administration of the stimulus or the contrast agent. 
In the high-resolution sequence on the upper line the 
inversion time T jnv is represented and on the lower line 
an effective inversion time T inveff is represented for the 

55 low-resolution sequence around the k-profile k=0. Sub- 
division of the high-resolution sequence into sub-se- 
quences as shown on the upper line of Figure 4, where 
the k-space is filled in a mosaic-like fashion, is per- 
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formed to enable the low-resolution sequence to be ex- 
ecuted with an effective inversion time which is equal to 
the inversion time of the high-resolution sequence. Such 
a choice is made so as to enable combination of images 
of comparable T-, contrast. The use of inversion pulses 
offers the advantage that greater differences in contrast 
occur between successive images of a slice, so that the 
dynamic process can be followed better. 

In addition to the described embodiments, many al- 
ternatives are feasible within the scope of the invention. 
For example, the first and the second acquisition meth- 
od may be so-called echoplanar methods, the first signal 
acquisition method being a mosaic-like ultrafast echo- 
planar method while the second signal acquisition meth- 
od is a comparatively slow high-resolution echoplanar 
method. Other fast signal acquisition methods can also 
be used, for example a so-called turbo spin echo se- 
quence whose details are described in the article "Re- 
cent progress in fast MR imaging", J.J. van Vaals et al., 
Medica Mundi, Vol. 36, No. 2, 1991, pp 152-167. Mixed 
signal acquisition methods can also be used, for exam- 
ple a combination of an echoplanar method and a mul- 
tiple shot gradient echo method, even though in the lat- 
ter case it will be more difficult to make the signals ac- 
quired by the various methods suitably compatible, _Le. 
it will be more difficult to achieve suitable contrast 
matching. 

Claims 

1. A magnetic resonance imaging method for following 
a dynamic process in a body in which method a lo- 
cal modification of magnetic resonance properties 
is induced in the body for the selective variation of 
magnetic resonance signals to be generated in the 
body, magnetic resonance signals being acquired 
during, or during and after, the realization of the 
modification by way of a first signal acquisition 
method in order to form a series of magnetic reso- 
nance images of the body enabling the dynamic 
process to be followed, characterized in that the first 
signal acquisition method is a low-resolution meth- 
od, and in that at an appropriate instant, using a sec- 
ond, high-resolution signal acquisition method, 
magnetic resonance signals are acquired from the 
body in order to form at least one reference image 
of the body, signal samples of the magnetic reso- 
nance signals acquired by means of the low-reso- 
lution method being supplemented, prior to the for- 
mation of the series of magnetic resonance images 
by signal samples of the magnetic resonance sig- 
nals acquired by means of the high-resolution meth- 
od. 

2. A magnetic resonance imaging method as claimed 
in Claim 1 , characterized in that an enhancement 
agent is applied in order to realise the local modifi- 



cation of the magnetic resonance properties. 

3. A magnetic resonance imaging method as claimed 
in Claim 1 , characterized in that a physical stimulus 

5 is applied in order to realise the local modification 

of the magnetic resonance properties. 

4. A magnetic resonance imaging method as claimed 
in Claim 1 , 2 or 3, characterized in that the magnetic 

10 resonance signals are acquired by means of the 
second, high-resolution signal acquisition method 
after acquisition of the magnetic resonance signals 
by means of the first signal acquisition method. 

15 5. A magnetic resonance imaging method as claimed 
in Claim 1 , 2, 3 or 4, characterized in that the refer- 
ence images are images of slices of a volume part 
of the body in which the dynamic process takes 
place, the series of magnetic resonance images 
20 comprising a number of images of the slices. 

6. A magnetic resonance imaging method as claimed 
in Claim 1 , 2, 3, 4 or 5, characterized in that the first 
and the second signal acquisition method are Fou- 

25 rier methods comprising a high-frequency excita- 
tion pulse, a phase-encoding gradient and a read- 
out gradient, the signal samples obtained by means 
of the high-resolution method being stored in data 
matrices, the signal samples obtained by means of 

30 the low-resolution method being substituted in the 
data matrices. 

7. A magnetic resonance imaging method as claimed 
in Claim 6, characterized in that the substitution is 

55 symmetrical. 

8. A magnetic resonance imaging method as claimed 
in Claim 6, characterized in that the substitution is 
asymmetrical. 

40 

9. A magnetic resonance imaging method as claimed 
in Claim 1 , 2, 3, 4 or 5, characterized in that the first 
and second signal acquisition methods are echo- 
planar methods. 

45 

10. A magnetic resonance imaging method as claimed 
in Claim 1 , 2, 3, 4 or 5, characterized in that per 
reference image the high-resolution method com- 
prises a number of gradient-echo sequences pre- 

50 ceded by inversion pulses, signal samples thereof 
filling data matrices in a mosaic-like manner, the 
low-resolution method comprising similar sequenc- 
es, signal samples thereof partly substituting high- 
resolution data in the data matrices. 

55 

11. A magnetic resonance imaging method as claimed 
in any one of the preceding Claims, characterized 
in that the dynamic process is perfusion of an en- 
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hancement agent in the brain or the heart in the 
body or the taking up of an enhancement agent in 
the mammary tumors in the body. 

Patentanspruche 

1. Kernresonanz-Bildgebungsverfahren zum Folgen 
eines dynamischen Prozesses in einem Korper, bei 
welch em Verfahren eine ortliche Modifikation von 
Kernresonanzeigenschaften in dem Korper indu- 
ziert wird, fur die selektive Veranderung von in dem 
Korper zu generierenden Kernresonanzsignalen, 
wobei Kernresonanzsignale wahrend oder wah- 
rend und nach der Realisierung der Modifikation 
mittels eines ersten Signalerfassungsverfahrens 
erfaBt werden, urn eine Serie von Kernresonanzbil- 
dern des Korpers zu bilden, die es ermoglicht, dem 
dynamischen ProzeB zu folgen, dadurch gekenn- 
zeichnet, daB das erste Signalerfassungsverfahren 
ein niedrigauflosendes Verfahren ist, und dafB zu ei- 
nem geeigneten Zeitpunkt, unter Verwendung ei- 
nes zweiten, hochauflosenden Signalerfassungs- 
verfahrens, Kernresonanzsignale aus dem Korper 
erfaBt werden, urn zumindest ein Referenzbild des 
Korpers zu bilden, wobei vor der Bildung der Serie 
von Kernresonanzbildern Signalabtastwerte der 
Kernresonanzsignale, die mit Hilfe des niedrigauf- 
losenden Verfahrens erfaBt worden sind, durch Si- 
gnalabtastwerte der mit Hilfe des hochauflosenden 
Verfahrens erfaBten Kernresonanzsignale erganzt 
werden. 

2. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 1 , dadurch gekennzeichnet , daB ein Anrei- 
cherungsmittel zugefuhrt wird, urn die ortliche Mo- 
difikation der Kernresonanzeigenschaften zu reali- 
sieren. 

3. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 1 , dadurch gekennzeichnet, daB ein physi- 
kalischer Reiz zugefuhrt wird, urn die ortliche Modi- 
fikation der Kernresonanzeigenschaften zu reali- 
sieren. 

4. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 1 , 2 oder 3, dadurch gekennzeichnet, daB 
die Kernresonanzsignale mit Hilfe des zweiten, 
hochauflosenden Signalerfassungsverfahrens 
nach Erfassung der Kernresonanzsignale mit Hilfe 
des ersten Signalerfassungsverfahrens erfaBt wer- 
den. 

5. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 1,2,3 oder 4, dadurch gekennzeichnet, daB 
die Referenzbilder Bilder von Scheiben eines Volu- 
menteils des Korpers sind, in dem der dynamische 
ProzeB ablauft, wobei die Serie von Kernresonanz- 



bildern eine Anzahl Bilder der Scheiben umfaBt. 

6. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 1 , 2, 3, 4 oder 5, dadurch gekennzeichnet, 

5 daB das erste und das zweite Signalerfassungsver- 

fahren Fourier-Verfahren sind, die eine hochfre- 
quenten Anregungsimpuls, einen Phasencodie- 
rungsgradienten und einen Auslesegradienten um- 
fassen, wobei die mit dem hochauflosenden Ver- 

10 fahren erhaltenen Signalabtastwerte in Datenmatri- 
zen gespeichert werden und die mit dem niedrig- 
auflosenden Verfahren erhaltenen Signalabtast- 
werte in den Datenmatrizen substituiert werden. 

15 7. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 6, dadurch gekennzeichnet , daB die Substi- 
tution symmetrisch ist. 

8. Kernresonanz-Bildgebungsverfahren nach An- 
20 spruch 6, dadurch gekennzeichnet , daB die Substi- 

tution asymmetrisch ist. 

9. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 1 , 2, 3, 4 oder 5, dadurch gekennzeichnet, 

25 daB das erste und das zweite Signalerfassungsver- 
fahren Echoplanar-Verfahren sind. 

10. Kernresonanz-Bildgebungsverfahren nach An- 
spruch 1 , 2, 3, 4 oder 5, dadurch gekennzeichnet, 

30 daB das hochauflosende Verfahren pro Referenz- 
bild eine Anzahl Gradientenecho-Folgen umfaBt, 
denen Inversionsimpulse vorangehen, von denen 
Signalabtastwerte Datenmatrizen mosaikartig fal- 
len, wobei das niedrigauflosende Verfahren gleich- 

35 artige Folgen umfaBt, von denen Signalabtastwerte 
teilweise hochauflosende Daten in den Datenmatri- 
zen substituieren. 

11. Kernresonanz-Bildgebungsverfahren nach einem 
40 der vorhergehenden Anspruche, dadurch gekenn- 
zeichnet, daB der dynamische ProzeB eine Perfu- 
sion eines Anreicherungsmittels im Gehirn oder 
dem Herz in dem Korper oder die Aufnahme eines 
Anreicherungsmittels in den Brusttumoren in dem 

45 Korper ist. 

Revendications 

50 1. Procede d'imagerie par resonance magnetique 
pour suivre un processus dynamique dans un 
corps, dans lequel procede une modification locale 
des proprietes de resonance magnetique est indui- 
te dans le corps pour la variation selective de si- 

55 gnaux de resonance magnetique a engendrer dans 
le corps, des signaux de resonance magnetique 
etant acquis pendant, ou pendant et apres, la rea- 
lisation de la modification a I'aide d'un premier pro- 
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cede d'acquisition de signaux en vue de former une 
serie d'images de resonance magnetique du corps 
permettant que le processus dynamique soit suivi, 
caracterise en ce que le premier procede d'acqui- 
sition de signaux est un procede a faible resolution 
et en ce qu'a un instant approprie, a I'aide d'un 
deuxieme procede d'acquisition de signaux a haute 
resolution, des signaux de resonance magnetique 
sont acquis a partir du corps en vue de former au 
moins une image de reference du corps, des echan- 
tillons de signaux des signaux de resonance ma- 
gnetique acquis a I'aide du procede a faible resolu- 
tion etant completes, avant la formation de la serie 
d'images de resonance magnetique, par des 
echantillons de signaux des signaux de resonance 
magnetique acquis a I'aide du procede a haute re- 
solution. 

2. Procede d'imagerie par resonance magnetique sui- 
vant la revendication 1, caracterise en ce qu'un 
agent d'augmentation de contraste est applique afin 
de realiser la modification locale des proprietes de 
resonance magnetique. 

3. Procede d'imagerie par resonance magnetique sui- 
vant la revendication 1 , caracterise en ce qu'un sti- 
mulus physique est applique afin de realiser la mo- 
dification locale des proprietes de resonance ma- 
gnetique. 

4. Procede d'imagerie par resonance magnetique sui- 
vant la revendication 1 , 2 ou 3, caracterise en ce 
que les signaux de resonance magnetique sont ac- 
quis a I'aide du deuxieme procede d'acquisition de 
signaux a haute resolution apres I'acquisition des 
signaux de resonance magnetique a I'aide du pre- 
mier procede d'acquisition de signaux. 

5. Procede d'imagerie par resonance magnetique sui- 
vant la revendication 1 , 2, 3 ou 4, caracterise en ce 
que les images de reference sont des images de 
tranches d'une partie du volume du corps dans le- 
quel le processus dynamique a lieu, la serie d'ima- 
ges de resonance magnetique comprenant un cer- 
tain nombre d'images des tranches. 

6. Procede d'imagerie par resonance magnetique sui- 
vant la revendication 1 , 2, 3, 4 ou 5, caracterise en 
ce que le premier et le deuxieme procedes d'acqui- 
sition de signaux sont des procedes de Fourier 
comprenant une impulsion d'excitation de haute fre- 
quence, un gradient de codage de phase et un gra- 
dient de lecture, les echantillons de signaux obte- 
nus a I'aide du procede a haute resolution etant me- 
morises dans des matrices de donnees, les echan- 
tillons de signaux obtenus par le procede a faible 
resolution etant substitues dans les matrices de 
donnees. 



7. Procede d'imagerie par resonance magnetique sui- 
vant la revendication 6, caracterise en ce que la 
substitution est symetrique. 

5 8. Procede d'imagerie par resonance magnetique sui- 
vant la revendication 6, caracterise en ce que la 
substitution est asymetrique. 

9. Procede d'imagerie par resonance magnetique sui- 
10 vant la revendication 1 , 2, 3, 4 ou 5, caracterise en 

ce que le premier et le deuxieme procedes d'acqui- 
sition de signaux sont des procedes echoplanaires. 

1 0. Procede d'imagerie par resonance magnetique sui- 
15 vant la revendication 1 , 2, 3, 4 ou 5, caracterise en 

ce que par image de reference, le procede a haute 
resolution comprend un certain nombre de sequen- 
ces d'echo de gradient, precedees par des impul- 
sions d'inversion, dont les echantillons de signaux 
20 remplissent les matrices de donnees en mode mo- 
saTque, le procede a faible resolution comprenant 
des sequences semblables dont des echantillons 
de signaux substituent partiellement des donnees 
a haute resolution dans les matrices de donnees. 

25 

1 1 . Procede d'imagerie par resonance magnetique sui- 
vant Tune quelconque des revendications prece- 
dentes, caracterise en ce que le processus dyna- 
mique est une perfusion d'un agent d'augmentation 

30 de contraste dans le cerveau ou le coeur dans le 
corps ou I'absorption d'un agent d'augmentation de 
contraste dans les tumeurs mammaires dans le 
corps. 
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